CoNS are included in family Micrococcaceae and genus Staphylococcus. Till recent, there 47 recognized species and 23 subspecies of Staphylococci [2] . The genus Staphylococci contains 39 species that fulfill the categorization of CONS [4] . Traditionally, Staphylococcal
INTRODUCTION
In recent years, coagulase negative Staphylococci (CONS) are increasingly recognized as one of the major causes of health care associated infections (HCAI). CONS infections are one of the major causes of morbidity and mortality in hospitalized patients [1] . CONS infections especially bacteremia contributes to 12-80% of mortality in hospitalized patients [1] . Developments in the field of medicine, multi-morbid and immunocompromised status of the host and the increased usage of inserted and implanted medical devices are important factors contributing to the emergence of CONS infections [2] .
CONS represent a heterogeneous group within genus
Staphylococcus. Historically, isolation of these organisms was ignored as culture contaminants or nonpathogenic isolates. Kloos and Bannerman (1994) provided the update on the clinical significance of CONS [3] . CONS can cause various afflictions in both immunocompetent and immunocompromised individuals. Endocarditis central nervous system (CNS) shunt infections are usually seen in immunocompromised hosts and patients with indwelling medical devices whereas, urinary tract infection is the most CONS infection reported in healthy individuals [4] .
As CONS colonize various parts of the skin and mucous membranes, most of infections are endogenous in origin. However, they are also transmitted exogenously Correspondence: Nagaraju V, Ph.D Scholar, Department of Microbiology, People's University, Bhanpur, Bhopal, Madhya Pradesh. Email:vnr2275@gmail.com via various medical/ surgical procedures. Among CONS, S. epidemidis, S. saprophyticus and S. haemolyticus are quite widely recognized as cause of human infections [2] . Other species like S. warneri, S. hominis and S. simulans are considered as emerging [2] .
Furthermore, National Nosocomial infection Survey (NNIS) conducted between 1980 to 1989, reported 20 to 60% CONS isolates to be resistant to methicillin, oxacillin or nafcillin [5] . Multidrug resistant CONS also often colonize the skin of health-care workers and hospitalized patients [6] . Moreover, colonizing isolates often serve as a potential reservoir for antibiotic resistance genes that cannot only transfer among other CONS species but also can be acquired by S. aureus [7] .
The aim of present review article is to update and summarize the information available on medically important CONS with special reference to epidemiology, laboratory diagnosis and antibiotic resistance.
Methodology: For preparation of this review, search was made on various web search engines like PubMed, and Google Scholar by using appropriate MeSH terms like Coagulase negative Staphylococci, CONS infections, CONS epidemiology and antibiotic resistance in CONS. Relevant literature were retrieved from these searches and used for preparation of the present review article.
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isolates that don't produce coagulase and thermo nuclease are termed as CONS [8] .
In humans, CONS are regular microbiota of skin and mucous membrane. This group of organisms prefers human anatomical sites of high humidity like axillae, the gluteal and inguinal regions, the umbilicus, the anterior nares, the conjunctiva, the ocular spaces, the antecubital and popliteal spaces and plantar region of foot [9, 10] . Table 1 shows the anatomical sites colonized by different CONS. CONS species found in clinical specimen can further classified on the basis of novobiocin resistance ( Figure  1 ) [11] . Acid from glucose aerobically 
In 1975, a scheme based on 13 important features, like coagulase production, haemolysis, nitrate reduction and carbohydrate assimilation were introduced for biotyping of CONS [4] . CONS are generally oxidase negative but species like S. sciuri and S. fleurettii are oxidase positive. Some laboratories still prefer Baird-parker Scheme for identification of CONS isolates.
In recent years, genotypic methods based on 16s rRNA, sodA, gap, rpoB, tuf gene sequencing have been developed for classification of CONS [13] [14] [15] [16] . Commercial rapid identification systems for classification of CONS include API staph ID test, BD Phoenix system, VITEK 2 ID-GP. Genotypic methods are considered to be superior over phenotypic methods for identification of CONS, but certain phenotypic methods are routinely employed [4] .
CONS involved in human infections:
In 1980s, a wide range of infections were believed to be caused by CoNS, especially S. epidermidis (Mack,1990 ). However, Quinet al (1966) were first to notice the clinical importance of CONS.
CONS are embroiled in various infections like wound, urogenital tract, respiratory and central-nervous system (CNS) and blood stream infections [17] . Infections due CONS occurs when there is breach in natural mucocutaneous barrier and presence of transient or permanent indwelling medical devices.
CONS infections usually occur due to translocation of endogenous strain to anatomically sterile site mostly due to presence of indwelling-medical device. These group of organisms cause fatal infections in high risk neonates like neonates with poor perinatal history, premature new born, new born with invasive procedure like umbilical arterial/ venous catheterization, endotracheal intubation, jugular or subclavian central alimentation catheter etc.
S. epidermidis, S. haemolyticusandS. hominis are the most commonly isolated CONS species from human infections [4] . S. epidermidis is implicated in nosocomial blood stream infections, endocarditis, urinary tract and surgical site infections, central nervous system shunt infections, eye infections, intravascular catheterrelated infections, peritoneal dialysis-related infections and prosthetic joint infections [18, 4] . S. epidermidis has become the most important model microorganism for studying device associated health-care associated infections [2] . This CONS species can colonize and infect all types of inserted and implanted medical devices. Infections with this CONS is usually seen in hospitalized, elderly patients with indwelling Foley's catheters or other manipulations to the urinary system [2] .
S. epidermidis is very common cause of foreign body related blood stream infections (FBR-BSI) [19] . Most of these infections are catheter-related blood stream infections (CRBSIs). FBR-BSI due CONS significantly increases ICU stay and health care cost [19] . These infections are associated with higher mortality rates. S. epidermidis is the most frequent cause of early prosthetic valve infective endocarditis (PVIE) [19] . Clinical course of PVIE due to S. epidermidis may be subacute or chronic, subtle and without fulminant signs of infections. It is the important cause of septicemia in febrile patients [19] .
S. haemolyticus is associated in native valve endocarditis, septicemia, urinary tract infection (UTI), peritonitis, wound infections and infections of bone and joint [18, 4] .
S. saprophyticusis an important cause acute urethritis. This pathogen can also cause infections known for S. epidermidis. Approximately 10 to 11% of all UTI are caused by S. saprophyticus, especially in sexually active females [18, 4] . At times, S. saprophyticus UTI may be accompanied by BSI by same organism. In males, S. saprophyticus causes urethritis, epididymitis and chronic prostatitis [20] . Acute pyelonephritis, recurrent infection, nephrolithiasis, septicaemia and endocarditis are rarely seen as complications of S. saprophyticus [20] .
S. lugdunensis is associated with arthritis, catheter related and urinary tract infections, bacteremia, prosthetic joint infections and endocarditis [18, 4] . The course of disease of infective endocarditis due to S. lugdunensisis often destructive and unusually fulminant for a CONS species and is associated with high mortality rates [2] . Heart failure, abscess formation and embolism are frequent complications of S. lugdunensis infective endocarditis [21] .
In recent years, there is alarming increase in the incidence of skin and soft tissue infections (SSTIs) due to S. lugdunensis [22] . S. lugdunensisinvolvement is also noted in perineal and inguinal abscess. Isolation of S. lugdunensis is also reported from brain abscess, peritonitis, osteomyelitis, discitis, septic arthritis in native joints [2] . S. lugdunensis is also known to cause complication of arthroscopy, endometritis with premature rupture of membranes, pyomyoma after cesarean section [2] .
Virulence factors of CONS: Bacteria belonging to the genus Staphylococcus bear an ability to colonize and 
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infect human host through armamentarium of multiple strategies that favor adherence/attachment, aggression, invasion, persistence and/or evasion of host's immune systems (both innate and acquired immunity) [2] .
Although, this virulence mechanisms are well studied in S. aureus (the pervasive pathogen of the genus), there is dearth of information regarding virulence traits of CONS (the emerging pathogen).
The pathogenicity of CONS can be attributed to virulence factor involved in colonization rather than those responsible for aggression [2] . Adherence/attachment to the host tissue is the primary and most critical step in initiation of colonization and infection. Adhesion to host tissue confers certain properties to the colonizing or infecting strain. It prevents or at least reduces extent of microbial clearance by the host's defense mechanisms.
Adherence also ensures delivery of toxins and enzymes to the target host cells.
The process of adherence also plays an important role in biofilm or slime formation on to the surface of indwelling or implanted medical devices. Biofilm formation is an important virulence trait as it protects the bacterial strain from the action of antimicrobial agents and the host's immune system [23] . Biofilm forming CONS isolates also demonstrate high resistance to methicillin. Koksal and associates (2007) reported significantly high methicillin resistance in biofilm forming CONS isolates compared to non-biofilm producers [24] . Various mechanisms like binding of antibiotics to contents of biofilm, decreased antibiotic penetration, slow growth of microorganism within the biofilm, altered gene expression in bacteria present in the biofilm and high bacterial density are identified for reduced antibiotic susceptibility in biofilm forming bacterial isolates [2] .
In Staphylococcus various proteinaceous and nonproteinaceous adhesins are responsible for the process of adhesion [25] . Proteinaceous adhesins include covalently surface-anchored (CWA, SdrG/Fbe, SesC and Aap) and noncovalently surface-associated proteins that include autolysin/adhesion family (Atl), and membranespanning proteins [2] . The most important adhesin is AtlE, from S. epidermidis. It is similar to Atl of S. aureus and initiates adhesion of bacterial cells to the surface of polymer [2] . In recent years, homologous Atl proteins with same functions are also reported from other CONS such as S. caprae (AtlC), S. saprophyticus (Aas), S. lugdunensis (AtlL) and S. warneri M (Atl WM ). Polysaccharide intercellular adhesion (PIA) also known as poly-N-acetylglucosamine (PNAG), teichoic and lipoteichoic acids are examples of non-proteinaceous adhesins [2] .
Various methods can be employed for detection of biofilm formation in CONS. These include Christensen method, brain heart infusion with sucrose and congo red agar method. Freeman et al (1989) reported congo red agar method to be cost effective, rapid, sensitive and reliable for detection of biofilm formation in CONS [26] . Tissue culture plate method proposed by Christensen et al (1986) is considered as the gold standard method for detection of biofilm formation [27] .
Cell wall components of CONS also interfere with host's immune system. Mattsson and coworkers (1993) in their experiment proved the role of peptidoglycan and teichoic acid of S. epidermidis in stimulating human monocytes to release tumor necrosis factor (TNF) α, interleukin (IL) 1, IL-β and IL-1 [28] .
CONS produce a variety of exoenzymes and proteins such as lipases, proteinases, esterases, phospholipases haemolysins and other toxins. These extracellular enzymes aid bacteria in establishment and progression of infection and to evade host defense mechanisms [2] . Among various exoenzymes, proteinases play an important role in pathogenicity of CONS. It inactivates host immune defenses by inactivating immunoglobulins, complement proteins, platelet microbicidal proteins and human antimicrobial peptides [2] . Proteinases also degrade elastin, fibrinogen and fibronectin and facilitate CONS to colonize and infect host's tissue [29] .
Lantibiotics are produced by various CONS spp. like S. epidermidis (epidermin and Pep5), S. gallinarum (gallidermin), S. hominis (hominicin) and S. warneri (nukacin) [30] . L antibiotics are antibiotic-like peptides that also fulfill the criteria for bacteriocins. These L antibiotics play a putative role in bacterial interference on skin and mucus membranes and create an ecological niche for CONS [30] . Virulence factors like clumping factors and production of a thermostable DNAse are expressed in CONS spp. like S. lugdunensis and S. Schleiferi [30] .
Laboratory diagnosis:
As CONS are easily obtained from clinical material of most of infectious sites and are relatively resistant to drying and moderate changes in temperature, their isolation and cultivation is comparatively simple and uncomplicated [2] . However, like for any other pathogenic bacteria, the general principles of collection, transport and storage of clinical specimens are also applicable to CONS. case of respiratory infections. Mid-stream urine is obtained whenever urinary tract infection is suspected. Blood cultures are collected for detecting bacteremia.
The standard protocol for laboratory diagnosis of CONS infections includes isolation of CONS on appropriate media followed by species identification by battery of biochemical reactions. Various commercially available kit-based systems can be also utilized for species identification. In recent years, with the advancement in molecular biology and its application in the field of medicine, conventional identification methods are largely replaced by advanced techniques like matrix-associated laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) [2] .
Direct microscopic method involves examination of Gram stained smear prepared from clinical specimens. Direct microscopy is of great value in case of examination of normally sterile fluids like cerebrospinal fluid and joint aspirate. In case of non-sterile fluids direct microscopic examination can be used for demonstration of inflammatory cells. On Gram staining, CONS appear as Gram-positive cocci usually arranged in pairs or tetrads but at times they appear as single, in clusters or in short chains of about three or four cells [2] .
Being a non-fastidious organism, CONS grow well on most of microbiological media used routinely for isolation of bacteria in clinical laboratory services. Columbia or tryptic soya 5% de-fibrinated sheep or horse blood agar is used as primary isolation media of CONS regardless of specimen source [2] . Selective or enrichment media may be necessary for isolation of CONS from certain specimens like sputum and stool where other bacteria may be predominant. Enrichment media like dextrose broth increases the rate of isolation of CONS. Mannitol salt agar and phenylethyl alcohol agar are examples of selective media used for CONS. Generally, CONS grow within 18-24 h of incubation at 37ºC (range12-44ºC).
CONS colonies are nonpigmented, smooth with entire margin, glistening and opaque. However certain CONS species like S. chromogenes, S. devriesei, S. lugdunensis, S. sciuri, S. warneri and S. xylosusproduce grey yellow, yellow, or yellow orange pigmented colonies. S. haemolyticus and S. lugdunensis colonies are β-haemolytic [2] .
"Small colony variant" (SCV) colonies are pinpoint and only 10% of the size of wild-type colonies [31] . These colonies show minimal or no haemolysis. SCV can be reverted back to wild type by growing the isolates in the presence of certain components like hemin, menadione and thymidine, and/or in capnophilic condition [16] . [32] .
Novobiocin resistance testing is used for speciation of CONS isolated from urine specimens (Hebert et al 1988) . This test is performed on Mueller-Hinton agar or tryptic soy blood agar using 5 μgnovobiocin disc. Novobiocin resistance testing is used to distinguish S. saprophyticus from S. epidermidis.
Automated commercial identification systems for CONS include API Staph and ID32 Staph strips (bioMѐrieux), the Rapidec Staph (bioMѐrieux) system, Vitek 2 (bioMѐrieux), the PosID Panel family (Siemens Healthcare Diagnostics, Deerfield, IL), the BBL Crystral identification system's Rapid Gram-Positive ID kit (BD Diagnostic Systems, Sparks, MD), the Phoenix automated microbiology system (BD Diagnostic Systems), and the Biolog systems (Biolog, Hayward, CA) [16] . The specificity of these kits is reported to be 70 to >90% [16] .
In recent years, molecular approaches are gaining importance for identification of CONS. Several nucleic acid-based methods are designed for CONS identification. However, these molecular systems cannot be used for detection of CONS directly from clinical specimens (except for Polymerase chain reaction (PCR)-based detection method such as Light Cycler Septi Fast test that detects CONS directly from blood sample) (Niederbrachtet al 2013). Varieties of nucleic acidbased system are available for identification of CONS isolated in culture. These include methods based on procedures of nucleic acid amplification, hybridization and sequencing [16] .
Ribosomal genes, the glyceraldehydes-3-phosphate dehydrogenase-encoding (gap) gene, the gyrase (gyr A) gene, the manganese-polymerase beta subunit (rpo β) gene, the elongation factor TU (tuf) gene, and 60-kDa heat shock protein (HSP60/GroE) gene are examples of universal targets used for identification of CONS by PCR [16] .
Peptide nucleic acid fluorescence in situ hybridization (PNA FISH) is used for rapid identification of CONS from positive blood culture smears (Hensley et al 2009 Nearly, 80-90% of clinical CONS isolates produces inducible β-lactamase [37] . Production of low-affinity penicillin-binding protein (PBP2a) is the most important mechanism known for methicillin resistance [7] . PBP2a is seen in CONS species like, S. epidermidis, S. haemolyticus, S. hominis, S. simulans, S. saprophyicus, S. sciuri, S. capitis, S. caprae and S. warneri. Methicillin resistant strains are multi-resistant as they demonstrate resistance to various classes of antibacterial agents besides beta-lactams drugs [7] .
Clinical strains of S. haemolyticus demonstrate decreased susceptibility to vancomycin. Strains of S. haemolyticus and S. epidermidis also demonstrate decreased susceptibility to other glycopeptides and teicoplanin [3] . Acquired glycopeptide resistance was first detected in CONS [38] . The mechanism responsible for glycopeptide resistance is multifactorial and is expression related. Glycopeptide resistance can be acquired by exposure of CONS strains to teicoplanin and vancomycin [38] .
Antibiotic resistance in CONS varies as per species. S. haemolyticus, S. epidermidis and S. hominis demonstrate high resistance rates. Studies have reported 76-96% oxacillin resistance, 80-90% erythromycin resistance and 26-29% teicoplaninnonsusceptibility in S. haemolyticus [4] .
Gatermann et al (2007) reported oxacillin resistance in80% of S. hominis isolates. Various researchers have reported oxacillin resistance in 38-81% of S. epidermidis. S. lugdunensis often demonstrates uniform in vitro susceptibility to most antibiotic classes [39] . Most CONS species demonstrate 100% susceptibility to novel antibiotics like linezolid, daptomycin, tigecycline and quinupristin or dalfopristin [4] .
CONCLUSION
In recent years, coagulase negative Staphylococci (CONS) are increasingly recognized as one of the major causes of health care associated infections (HCAI). CONS infections are one of the major causes of morbidity and mortality in hospitalized patients. As many of the CONS species often demonstrate decreased susceptibility and/or resistant to various classes of antibacterial drugs, their identification along with antibiogram plays a very important role in the selection of most appropriate and effective antibiotic for prophylaxis and treatment.
